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STORAGE SYSTEM AND METHOD FOR 
CONTROLLING THE SAME 

CROSS REFERENCES TO RELATED 
APPLICATIONS 

This application relates to and claims priority from Japa 
nese Patent Application No. 2006-118255, ?led on Apr. 21, 
2006 the entire disclosure of Which is incorporated herein by 
reference. 

BACKGROUND 

The present invention relates to a storage system that con 
trols data-in data storage devices such as hard disk drives 
(hereinafter called ‘HDDs’), and also to a method for con 
trolling the storage system. This invention particularly relates 
to poWer supply control for the data storage devices. 

With the increase in the amount of data dealt With in com 
puter systems each having a storage system and host 
system(s), such as server(s) or host computer(s) connected to 
the storage system via a communication path such as a net 
Work, the capacity of the storage areas in the storage systems 
has also expanded. In these storage systems, logical volumes 
accessible by the host systems are de?ned so that the host 
systems access physical storage areas allocated to the logical 
volumes, thereby enabling the input/output of data to/from 
the data storage devices. 

Recently, because the amount of data dealt With in host 
systems has increased dramatically, the siZe of volumes, i.e., 
the storage capacity of the volumes, also has had to be 
increased to a large extent. If the host systems are each pro 
vided With large-siZe storage areas from the beginning, they 
Will not have a shortage of storage capacity and it Will be 
unnecessary to expand the siZe of the storage areas at a later 
point in time. HoWever, if the ho st systemsicomputersido 
not use a large amount of data, some of the storage areas 
allocated to the host systems remain unused and because the 
storage areas are ?xed to the host systems, these unused 
storage areas are Wasted. 

In light of this, Japanese Patent Laid-Open (Kokai) Publi 
cation No. 2003-15915 proposes, for the purpose of expand 
ing the storage capacity of logical volumes by dynamically 
allocating storage areas having appropriate capacities from 
among collectively-managed storage areas to the logical vol 
umes during operation of host systems, a storage system that 
monitors logical block addresses for read or Write I/O from 
the host systems to logical volumes in data storage devices; 
dynamically expands the storage areas of the logical volumes 
based on the logical block addresses; and also expands the 
storage area of a logical volume When an instruction unit in 
the host systems commands a volume server to expand the 
capacity of the logical volume. 

Incidentally, Japanese Patent Laid-Open (Kokai) Publica 
tion No. 2005 -4349iprior art related to this inventioniaims 
to provide a mechanism Where, When a storage apparatus 
(storage system). lacks storage areas, storage resources of 
another storage apparatus are effectively used Without adding 
physical disks to the lacking storage areas, and discloses a 
computer system. Where a ?rst storage apparatus judges 
Whether it can Write data in a ?rst storage area When it receives 
a data Write request from an information processor; and When 
the judgment is negative, the ?rst storage apparatus requests 
information for judging Whether it can secure a second stor 
age area for storing the data from a second storage apparatus; 
and Where, in response to this request, the second storage 
apparatus sends the information regarding Whether the sec 
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2 
ond storage area can be secured for the ?rst storage apparatus 
to the ?rst storage apparatus; the ?rst storage apparatus 
judges Whether it can secure the second storage area based on 
the information; and if the judgment is positive, the ?rst 
storage apparatus sends the data to the second storage appa 
ratus so that it Will be stored in the second storage area. 

SUMMARY 

The applicant has developed a techniquei‘Allocation on 
Use (AOU)’iin order to effectively use storage resources in 
a storage system. With the AOU technique, a storage system 
provides virtual volumes having no storage areas to a host 
system and these virtual volumes are associated With sets of 
data storage devices called ‘pools.’ When a host system 
accesses one of the virtual volumes, the storage system allo 
cates the storage areas in the data storage devices belonging to 
the corresponding pool to the virtual volume. This allocation 
is performed each time the host system accesses a virtual 
volume. Because a single pool can be associated With a plu 
rality of virtual volumes, the storage system can use the 
storage areas of the pool effectively. The storage system has 
virtual volumes With virtual, large capacities in advance and 
a neW data storage device is added to a pool in accordance 
With the usage of the existing data storage devices in the pool. 
The AOU technique, hoWever, has a problem in that, if the 

data storage devicesiHDDsibelonging to the pools are 
continuously poWered on even before the start of allocation 
until the end of the allocation to the virtual volumes, consid 
erable poWer is consumed and the life of the HDDs is short 
ened. Thereupon, this invention aims to provide a storage 
system, Where storage areas are provided to a host system 
using the foregoing AOU technique, (the storage system) 
being able to reduce the poWer required by the storage 
resources allocated to pools and prevent the shortening of the 
life expectancy of the storage resources. This invention also 
aims to provide a storage system being able to increase the 
speed for host systems accessing the storage resources. 

In order to achieve the foregoing objectives, this invention 
provides a loW-poWer storage system Where data storage 
devices that are not allocated to virtual volumes are put in 
standby mode, and When the data storage devices are allo 
cated to the virtual volumes, they are put in operational mode 
from the standby mode. The data storage devices are put in 
operational mode preferably before allocation. More speci? 
cally, the data storage devices are put in operational mode 
from standby mode preferably starting With those having 
higher allocation priority. Also, preferably, a certain percent 
age of non-allocated data storage devices may be put in opera 
tional mode from standby mode. The standby mode in the 
data storage devices is a situation Where the driving circuits of 
the data storage devices are poWered off, or the situation 
Where the data storage devices are poWered on, but in poWer 
saving mode. 
As explained above, according to this invention, in a stor 

age system Where storage areas are provided to a host system 
using the AOU technique, the poWer consumption by storage 
resources allocated to pools can be reduced and the shorten 
ing of the life expectancy of the storage resources can be 
prevented. Moreover, according to this invention, the speed 
for host systems accessing the storage resources can be 
increased. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a hardWare block diagram of a storage control 
system including a storage system Where this invention is 
applied; 
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FIG. 2 is a block diagram showing a function of the storage 
control system shown in FIG. 1; 

FIG. 3 is a block diagram showing the relationship between 
a virtual volume and a pool; 

FIG. 4 is a block diagram showing the function for con 
trolling the power supply for the data storage devices; 

FIG. 5 is a management table for a controller to control the 
data storage devices; 

FIG. 6 is a pool management table used for controlling the 
power supply for the HDDs belonging to pools; 

FIG. 7 is an explanatory diagram of control information 
contained in the pool management table; 

FIG. 8 is a block diagram ofa pool, showing the types and 
power on/off states of the data storage devices belonging to a 
pool; 

FIG. 9 is a block diagram of a pool, showing that the data 
storage devices are powered on/off by cases; 

FIG. 10 is a ?owchart showing the power supply control 
operation for the data storage devices; 

FIG. 11 is a ?owchart showing a second example of the 
power supply control for the data storage devices; 

FIG. 12 is a block diagram of a pool, showing the power 
supply control operation procedure for the data storage 
devices; 

FIG. 13 is a block diagram of the pool, showing a second 
example of the power supply control operation procedure for 
the data storage devices; 

FIG. 14 is a block diagram of the pool, showing a third 
example of the power supply control operation procedure for 
the data storage devices; 

FIG. 15 is a block diagram showing the function of migrat 
ing data stored in a data storage device in a pool to a normal 
iZation volume; and 

FIG. 16 is a disk management table for normalization 
processing. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

An embodiment of this invention is described below in 
detail with reference to the attached drawings. Incidentally, in 
the diagrams explained below, the same parts are given the 
same reference numerals and explanations for those same 
parts will not be repeated, or will be simpli?ed. FIG. 1 is a 
hardware block diagram showing a storage control system 
including a storage system (sometimes called ‘storage appa 
ratus’) 600 in which this invention is applied. The storage 
system 600 has a plurality of data storage devices 300, and a 
storage device controller 100 that controls the input/ output of 
data to/from the data storage devices 300 performed in 
response to input/output requests from information proces 
sors 200. 

The information processors 200ihost systemsiare serv 
ers or host computers (hosts) having CPUs and memory, or 
management computers managing the storage system. More 
speci?cally, they are work stations, mainframe computers, or 
personal computers. The information processors 200 may 
also be computers connected to each other via a network. The 
information processors 200 have an application program 
operating on an operating system. Examples of the applica 
tion program include ATM programs used at banks, and air 
line seat reservation programs. Examples of the servers 
include update-type servers that run applications; and backup 
servers that back up data at the back end of the update-type 
servers. 

The information processors 1 to 3 (200) are connected via 
a LAN (Local Area Network) 400, to the storage system 600. 
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4 
The LAN 400 is, for example, a communication network such 
as an Ethernet (registered trademark) or FDDI, and the com 
munication between the information processors 1 to 3 (200) 
and the storage system 600 is performed according to TCP/IP 
protocol. The information processors 1 to 3 (200) send ?le 
name-designated data access requests (requests for inputting/ 
outputting data in units of ?les, hereinafter called ‘?le-access 
requests’) to the channel control units CHN1 to CHN4 (110), 
which will be described later, in the storage system 600. 
The LAN 400 is connected to a backup device 910. This 

backup device 910 is, for example, a disk-type device such as 
a MO, CD-R or DVD-RAM; or a tape-type device such as a 
DAT tape, cassette tape, open tape, or cartridge tape. The 
backup device 910 stores a backup of the data stored in the 
data storage devices 300 by communicating with the storage 
device controller 100 via the LAN 400. It is also connected to 
the information processor 1 (200) so that it can obtain a 
backup of the data stored in the data storage devices 300 also 
via the information processor 1 (200). 
The storage device controller 100 has channel control units 

CHN1 to CHN4 (110). The storage device controller 100 
passes write/read accesses from the information processors 1 
to 3 (200) to the backup device 910 and data storage devices 
300 by means of the channel control units CHN1 to CHN 4 
(110) and the LAN 400. The channel control units CHN1 to 
CHN 4 (110) each receive ?le-access requests from the infor 
mation processors 1 to 3 (200). More speci?cally, each chan 
nel control unit (CHN1 to CHN4) (110) is assigned a unique 
network address on the LAN 400 (e.g., IP address), serves as 
a NAS, and provides NAS services to the information proces 
sors 1 to 3 (200) as if it is an independent NAS. According to 
this invention, conventional NAS servers operating sepa 
rately in different, independent computers are collected in 
one storage system 600 by having the storage system 600 
include the channel control units CHN1 to CHN4 (110) that 
provide NAS services. This enables collective management 
of the storage system 600 as well as ef?cient maintenance 
operations such as various settings, various kinds of control, 
failure management, and version management. 
The information processors 3 and 4 (200) are connected to 

the storage device controller 100 via a SAN 500. The SAN 
500 is a network for transmitting/receiving data to/from the 
information processors 3 and 4 (200) in units of blocks, which 
are data management units in the storage areas provided by 
the data storage devices 300. Communication between the 
information processors 3 and 4 (200) and the storage device 
controller 100 via the SAN 500 is performed usually accord 
ing to SCSI protocol. The information processors 3 and 4 
(200) send requests to access data in units of blocks (herein 
after called ‘block-access requests) to the storage system 600 
according to Fibre Channel Protocol. 
The SAN 500 is connected to a SAN-compatible backup 

device 900. This SAN-compatible backup device 900 stores a 
backup of the data stored in the data storage devices 300 by 
communicating with the storage device controller 100 via the 
SAN 500. 

In addition to the channel control units CHN1 to CHN4 
(110), the storage device controller 100 also has channel 
control units CHF1 and CHF2 as well as CHA1 and CHA2 
(110). The storage device controller 100 communicates with 
the information processors 3 and 4 (200) and the SAN-com 
patible backup device 900 via the channel control units CHF1 
and CHF2 (110) and the SAN 500. The channel control units 
process access commands from the host systems. 
The information processor 5 (200) is connected to storage 

device controller 100 without involving any network such as 
the LAN 400 or SAN 500. This information processor 5 (200) 
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is, for example, a mainframe computer. Communication 
between the information processor 5 (200) and the storage 
device controller 100 is performed according to communica 
tion protocols such as FICON (Fiber Connection; registered 
trademark), ESCON (Enterprise System Connection; regis 
tered trademark), ACONARC (Advanced Connection Archi 
tecture; registered trademark), and FIBARC (Fiber Connec 
tion Architecture; registered trademark). The information 
processor 5 (200) sends block-access requests to the storage 
system 600 according to these communication protocols. The 
storage device controller 100 communicates With the infor 
mation processor 5 (200) via the channel control units CHA 1 
and CHA2 (110). 

The SAN 500 is connected to another storage system 610. 
The storage system 610 has a function that provides its stor 
age resources to the storage system 600. In other Words, the 
storage apparatus 610 expands the storage areas virtually 
provided to the information processors by the storage appa 
ratus. Incidentally, the storage system 610 may also be con 
nected to the storage system 600 via, in addition to the SAN 
500, a communication circuit such as an ATM. Alternatively, 
the storage system 610 may be directly connected to the 
storage system 600. 
As described above, because the storage system 600 

includes the channel control units CHN1 to CHN4 (110), 
CHF1 and CHF 2 (110), and CHA1 and CHA2, it can be 
connected to different kinds of netWorks. In other Words, the 
storage system 600 is a SAN-NAS integration storage sys 
tem, being connected to the LAN 400 using the channel 
control units CHN1 to CHN4 (110) and also to the SAN 500 
using the channel control units CHF1 and CHF2. 

The connecting unit 150 connects the respective channel 
control units 110, shared memory 120, cache memory 130, 
and respective disk control units 140 to one another. The data 
storage devices are mainly hard disk drives, and so units for 
controlling the data storage devices are called disk control 
units. Transmission of commands and data betWeen these 
channel control units 110, shared memory 120, cache 
memory 130, and disk control units 140 is performed via the 
connecting unit 150. The connecting unit 150 is a high-speed 
bus such as an ultrahigh-speed crossbar sWitch that transmits 
data by high-speed sWitching. The connecting unit 150 
enhances communication performance betWeen the channel 
control units 110 and enables a high-speed ?le sharing func 
tion and high-speed failover. 

The shared memory 120 and cache memory 130 are data 
storage devices shared by the channel control units 110 and 
disk control units 140. The shared memory 120 is mainly used 
for storing control information and commands and the cache 
memory 130 is mainly used for storing data. For example, 
When a channel control unit 110 receives a data input/ output 
command from an information processor 200 and that com 
mand is a Write command, it Writes the Write command in the 
shared memory 120 and Writes Write data received from the 
information processor 200 in the cache memory 130. The disk 
control units 140 monitor the shared memory 120, and When 
they detect that a Write command has been Written in the 
shared memory 120, the relevant disk control unit 140 reads 
the Write data from the cache memory 130 according to the 
Write command and Writes it in the data storage devices 300. 

Meanwhile, When a channel control unit 110 receives a 
data input/output command from an information processor 
200 and that command is a read command, it Writes the read 
command in the shared memory 120 and checks Whether the 
read target data exists in the cache memory 130. If the read 
target data exists in the cache memory 130, the channel con 
trol unit 110 reads it from the cache memory 130 and sends it 
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6 
to the information processor 200. If the read target data does 
not exist in the cache memory 130, the relevant disk control 
unit 140, Which has detected that the read command has been 
Written in the shared memory 120, reads the read target data 
from the data storage devices 300, Writes it in the cache 
memory 130, and Writes that fact in the shared memory 120. 
The channel control units 110 monitor the shared memory 
120 and When they detect that the read target data has been 
Written in the cache memory 13 0, the relevant channel control 
unit 110 reads the data from the cache memory 130 and sends 
it to the information processor 200. 

The disk control units 140 convert logical address-desig 
nated data access requests, Which are sent from the channel 
control units 110 to request access to the data storage devices 
300, to physical address-designated data access requests; and 
Write/read data in/from the data storage devices 300 in 
response to I/O requests sent from the channel control units 
110. If the data storage devices 300 are con?gured according 
to RAID, the disk control units 140 access data according to 
the RAID con?guration. The disk control units 140 also per 
form restore management for the data stored in the data stor 
age devices 300, backup control, and replication control or 
remote copy control for preventing data loss in the event of 
disaster (disaster recovery). In other Words, the disk control 
units 140 control the HDDsidata storage devicesias Well 
as RAID groups composed of storage areas of a plurality of 
HDDs. 

Each data storage device 300 has one or more disk drives 
(physical volumes) and provides storage areas the informa 
tion processors 200 can access. For these storage areas pro 
vided by the data storage device 300, logical volumes con 
sisting of one or more physical volumes are set. Examples of 
the logical volumes set for the data storage devices 300 
include user logical volumes the information processors 200 
can access; and system logical volumes used for controlling 
the channel control units 110. These system logical volumes 
store an operating system run by the channel control units 
110. Also, the logical volumes the data storage devices 300 
provide to the information processors can be accessed by the 
respective channel control units 110. A single logical volume 
can be shared by multiple channel control units 110. 

Incidentally, examples of the data storage devices 300 
include HDDs. and semiconductor memory (e.g., ?ash 
memory). Regarding the structure of the data storage devices 
300, RAID-type disk arrays may be structured from the mul 
tiple data storage devices 300. The data storage devices 300 
and the data storage device controller 100 may be directly 
connected or may be connected via a netWork. Also, the data 
storage devices 300 and the data storage device controller 100 
may be integrated as one. 

A management terminal 160 is a computer for maintaining 
and managing the storage system 600 and is connected to the 
respective channel control units 110 and disk control units 
140 via an internal LAN 151. An operator of the management 
terminal 160 can make disk drive settings for the data storage 
device 300, logical volume settings, and install micro pro 
grams run by the channel control units 110 and disk control 
units 140. These settings may be made and the installation 
may be performed by the management terminal or performed 
via a netWork based on a program run by the information 

processors. 
FIG. 2 is a block diagram shoWing a function of the storage 

control system shoWn in FIG. 1. It shoWs the processing based 
on the foregoing AOU. The processing is hereinafter called 
AOU processing. Each channel control unit 110 has a micro 
processor CT1 and local memory LM1 storing a channel 
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command control program. The microprocessor CT1 refers to 
the local memory LM1 to run the channel command control 

program. 

The channel command control program provides LUs 
(logical units) to host systems (hosts). It processes access 
commands sent from the hosts to the LUs and converts the 
access commands to access to LDEVs (logical devices). The 
channel command control program accesses the LDEVs 
sometimes irrespective of the access by the hosts. An LDEV 
is a logical volumeia part of a RAID group. Virtual LDEVs 
are accessed by the hosts but do not have actual storage areas. 
The hosts do not access LDEVs but access LUs. LUs are units 

of storage areas accessed by the hosts. Some LUs are allo 
cated to virtual LDEVs. The LUs assigned to the virtual 
LDEVs are called ‘virtual LUs’ in order to distinguish them 
from the LUs assigned to actual volumes. 

Each disk control unit 140 has a micro processor CT2 and 
local memory LM2. The local memory LM2 stores a RAID 
control program and HDD control program. The micro pro 
cessor CT2 refers to the local memory LM2 to run the RAID 

control program and HDD control program. The RAID con 
trol program forms a RAID group With a plurality of HDDs 
and provides LDEVs to the upper-level channel command 
control program. The HDD control program Writes/reads data 
in/ from the HDDs When requested by the upper-level RAID 
control program. A host 200A accesses an LDEV 12A via an 
LU10. 

The storage areas are provided to a host 200B using the 
AOU technique. The Host 200B accesses a virtual LDEV 16 
via a virtual LU14. The virtual LDEV 16 has a pool 18 
allocated thereto and LDEVs 12B and 12C are allocated to 
that pool 18. The virtual LU and virtual LDEVs are equivalent 
to a virtual volume. A pool is a set of LDEVs allocated to a 
virtual LDEV. Incidentally, a channel UP and I/O path are 
interfaces through Which the hosts access a storage sub sys 
tem, and are Fibre Channel interfaces or iSCSI interfaces. 
According to the RAID control program and HDD control 
program, the disk control units 140 allocate the storage areas 
in the pool 18 to a virtual LDEV based on data Write access 
from the host 200B. The HDD control program performs 
poWer supply control for the LDEV-providing HDDs allo 
cated to the pool 18. 

FIG. 3 is a block diagram shoWing the relationship betWeen 
the virtual volume 16 and the pool 18. A host accesses the 
virtual volume 16. The area in the virtual volume 16 accessed 
by the host corresponds to a storage area in the pool 18. The 
allocation of a storage area in the pool 18 to the virtual volume 
is dynamically performed by the channel control units 110 in 
response to the access by the hosts. The unused areas among 
the areas in the virtual volume 16 do not require physical 
storage device, therefore, system management Where the stor 
age system 600 prepares a virtual volume With a large capac 
ity for the hosts in advance, monitors the allocation situation 
of the storage areas in the pool 18 to the virtual volumes, and 
adds a neW storage area 18A to the pool 18 as appropriate, is 
possible. 

FIG. 4 is a block diagram shoWing the characteristic func 
tion of this invention. In the storage system 600, there are 
virtual volumes 17A, 17B . . . and 17N associated With the 

hosts 200A, 200B . . . and 200N, respectively. The virtual 
volumes 17A, 17B . . . and 17N are associated With pools A, 

B . . . and N, respectively. In the virtual capacity of the virtual 
volume 16A for the host 200A, the portion Where the storage 
areas in the pool A are actually allocated is shoWn With the 
reference code 17A. Likewise, in the virtual capacity of the 
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8 
other volumes, the portions Where the storage areas in the 
other pools are actually allocated are shoWn With correspond 
ing reference codes. 
The reference numeral 301 indicates a set of HDDs allo 

cated to the pool A. A group of HDDs indicated by the 
reference numeral 302 is already allocated to the virtual vol 
ume 16A and provides an actual storage area 17A in the 
virtual volume 16A. A group of HDDs indicated by the ref 
erence numeral 3 03 is not allocated to the virtual volume 1 6A. 
The poWer sWitches of the HDDs in the group 302 are turned 
on and those of the HDDs in the group 303 are turned off. 
The reference numeral 10 indicates a pool control function 

and the reference numeral 20 indicates a poWer supply control 
function. These functions are enabled by the HDD control 
program (FIG. 2). The pool control function is for controlling 
the allocation of the HDDs in the respective pools to the AOU 
volumes 16A, 16B to 16N and deciding on the percentage of 
the poWered-on HDDs or poWered-off HDDs. 

The poWer supply control function is for controlling the 
poWer supply for the respective HDDs. Because the HDDs 
that are not allocated to any virtual volume are poWered off, 
the poWer consumption of the storage system can be con 
served. The HDD control program turns on HDD(s) When 
they are allocated to a virtual volume. The reference numeral 
19 indicates a temporary storage area (Temp area) for tem 
porarily storing data When a ho st requests storage of that data, 
When the data siZe is larger than the siZe of the storage areas 
of a virtual volume. In the Temp area, storage areas (19A, 
19B . . . and 19N) are secured for each of the virtual volumes. 

Incidentally, instead of turning off the HDDs, the HDDs may 
be put in poWer-saving mode. In the latter case, the HDD 
mode is switched from power-saving mode to normal mode 
When they are allocated to the virtual volumes. In the expla 
nation beloW, an example Where the HDDs are turned off is 
described but this invention is not limited to that case. 
The storage system 600 has tables necessary for control 

ling the poWer supply for the HDDs belonging to the pools. 
FIG. 5 is a disk management table storing, for each HDD 
belonging to the same pool, the type, performance (capacity 
and rotation number), memory capacity, name of the storage 
apparatus Where it is mounted, access frequency, allocation or 
non-allocation to a virtual volume (AOU allocation), and 
poWer status information. 

Initial settings for the disk management table are made by 
a management apparatus. An example of the management 
apparatus is the management terminal 160 provided in the 
storage system 600. Another example of the management 
apparatus is a management server connected to the storage 
system 600 via the LAN. A channel control unit 110 judges 
Whether AOU allocation is necessary for a HDD or not and 
Whether the HDD should be poWered on or off in accordance 
With the access from a host and updates/registers the judg 
ment result in the disk control table. Based on the disk control 
table, the relevant disk control unit 140 performs AOU allo 
cation and controls the poWer supply for the HDD. Inciden 
tally, update/registration may be performed by the manage 
ment apparatus. The disk management table is stored in the 
shared memory. The relevant disk control unit 140 registers 
the remaining capacity of the HDD in the disk management 
table. 

FIG. 6 is a pool management table for controlling the 
poWer supply for the HDDs belonging to the pools. This pool 
management table manages the total storage capacity of each 
pool. The total storage capacity is the sum of the storage 
capacities of the data storage devices allocated to a pool. It 
increases When a neW data storage device is added to the pool. 
The pool management table stores information for each pool 








